In eukaryotic cells, many organelles are transported bidirectionally along microtubules by kinesin and dynein. These opposite-polarity motors appear to be coordinated to avoid interfering with each other's function. New work has provided the first molecular insight into how such coordination might occur.
generality should dramatically accelerate our understanding of bidirectional microtubule-based motion.
Studies in diverse systems have provided evidence favoring the 'coordination' hypothesis. In cell culture systems and also in Drosophila neurons in the whole animal, function-blocking antibodies or genetic alterations affecting dynein or the dynein-regulatory complex dynactin were found to impair plus-enddirected, as well as minus-end-directed, motion [3] [4] [5] . Similarly, antibody or genetic impairment of the plusend-directed motor kinesin affected minus-enddirected as well as plus-end-directed transport [3, 6] . In the tug-of-war scenario, impairment of minus-enddirected motion should lead to enhanced plus-enddirected motion, given the reduced opposition to the plus-end motor activity. This was not observed.
Although these observations suggested motor coordination, an alternative interpretation was that the motors are not in fact coupled, but that the minus-end impairment indirectly causes plus-end impairment, and vice versa. For example, removal of motor function might cause a 'traffic jam', with the 'stuck' cargos blocking the motion of other cargos. Alternatively, the experimental manipulations might have led to aberrant motor function, with the 'impaired' motor(s) in a 'locked-up' state, tightly bound to the microtubules, and opposing motion in both directions.
These concerns have been addressed in a recent study which examined the bidirectional transport of lipid droplets in early Drosophila embryos [1] . The authors found that, not only did alteration of minus-enddirected motor activity alter plus-end-directed motion, under some circumstances it did so when the minusend-directed stalling forces were normal, proving that the motors were not aberrantly 'locked-up'. Because only droplets not interacting with other cargos were studied, there was no issue of non-specific 'traffic-jam' inhibition. Further, these experiments showed that the p150 Glued subunit of the dynactin complex plays a role in this coordination.
Taken together, these studies make a strong case for a model in which there is coordination between opposite motors on the same cargo. How such coordination could be achieved at a molecular level has, however, been an entirely open question. One possibility was that the two classes of motors might not bind to a single cargo at the same time, for instance, if there were a single receptor that can tether either kinesin or dynein to the cargo, but not both simultaneously. Then, the motors could not interfere with each other, because they would not be on the cargo at the same time.
While this would be an elegant way of achieving coordination, evidence from a number of systems points against it. First, using fluorescence microscopy to observe GFP-tagged dynein in Dictyostelium, Ma and Chisholm [7] found that, when bidirectional cargos reverse course, the dynein stays bound. In melanophores, plus-end pigment granule motion is driven by kinesin II, a heterotrimer composed of two motor subunits and a non-motor subunit called KAP. By immunoprecipitation against a variety of targets, Deacon et al. [2] confirmed the DIC-p150 Glued interaction but also showed that KAP can bind directly to p150 Glued . This interaction was found to be exclusive: either KAP can bind, or DIC, but not both. Further, using a blot overlay assay, they demonstrated that KAP and DIC bind to approximately the same region of the p150 Glued protein (residues 600-811). In this assay, binding was competitive: the amount of p150 Glued binding to immobilized DIC decreased in proportion to the amount of carboxy-terminal KAP that was present together with the p150 Glued .
How can we interpret these observations? One possible model (Figure 1) is that motors have a hard time reaching the microtubule -for example, because of the hypothesized 'spring' proteins -so that the motor-microtubule interaction must be stabilized for efficient motor function. p150 Glued can independently bind microtubules, so the dynactin complex might facilitate the motor-microtubule interaction by holding the motor -through binding to KAP or DIC -close to the microtubule. However it works, the interaction of dynactin with KAP or DIC likely controls microtubule access rather than motor activity per se, because both motors have enzymatic activity without p150 Glued .
Finally, although the binding of p150 Glued to KAP or DIC is competitive in vitro, this binding is likely subject to additional regulation in vivo, because a simple competitive binding interaction would predict that increasing the KAP binding, and thereby increasing the length of plus-end-directed runs, would also allow KAP to more effectively displace bound DIC, shortening minus-end-directed runs. In a variety of systems, however, cells can alter plus-end-directed run lengths while leaving minus-end-directed run lengths unchanged [8, 10, 11] . The interaction of p150 Glued with KAP or DIC is likely to be at the heart of the regulation of bidirectional motion in cells, and provides the first foothold for taking apart the molecular mechanism of motor coordination. -+ -+ 
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